However the molecular layer is not moving as expected from the expansion of the H II region, but it is "static" with respect to the gas in the molecular cloud. We discuss the implication of a high density "static" layer in the evolution of an H II region.
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Introduction
The dynamical interaction between newly formed massive stars, their H II regions, and the surrounding neutral material has been a topic of great interest. Based on simple ideas, many have argued that H II regions should expand quickly into the ambient molecular cloud, expanding beyond the ultra-compact phase in 10 2 -10 3 yr (e.g. Dreher & Welch, 1981 , Dreher et al. 1984 . It has been recognized that a lifetime paradox exists for ultra-compact H II regions, in that there are far too many given the current birth rate of massive stars (Wood & Churchwell, 1989) .
Numerous authors have suggested resolutions for the H II region lifetime paradox (see review of Hollenbach et al. 1994 ): a) confinement by infalling material (e.g. Reid et al. 1981 ), b) champagne flows (e.g. Tenorio-Tagle, 1979) , c) moving star bow shock (e.g. Van Buren et al. 1990 ), d) disk photoevaporation model (Hollenbach et al. 1994) , and e) mass loaded winds (Dyson et al., 1995; Lizano et al., 1996) . These models have been developed to various degrees but all exhibit serious shortcomings when it comes to matching current observational data. De Pree et al. (1995) have suggested a simple resolution for the lifetime paradox. Revisiting the lifetime arguments, but assuming confinement by hot (100 K) and high density (10 7 cm −3 ) ambient material, De Pree et al. (1995) find that the ultra-compact H II region phase can persist for ∼ 10 5 yr.
To study the interfaces between the H II regions and the surrounding material, one must find the appropriate tracers. The usual high density tracers such as CS are not useful -4 -because they are not specific to the interfaces of the H II regions: there are also high column densities of this molecule in hot cores.
From theoretical arguments and observations it is known that the abundances of some molecules are enhanced by UV radiation from the H II region. Based on the results of the Photon Dominated Regions (PDRs) in NGC 2023 and NGC 7023 (Fuente et al. 1993 (Fuente et al. , 1995 and on PDR chemical models (Sternberg and Dalgarno 1995, Jansen et al. 1995) , we have selected CN as one of the best tracer of the material at the H II/H 2 boundary layer affected by the UV photons from the OB stars. Rodríguez-Franco et al. (1998) the line of sight. Surprisingly, the largest H 2 densities, > 10 6 cm −3 are found towards the Trapezium region where the emission from CO is relatively weak. This CN emission from the Trapezium arises from the thin layer of molecular gas that is related with the material that interacts with the rear ionization fronts of M 42 confining the H II region in this direction. The CN layer is likely to be the remnant of the high density layer (∼ 10 7 cm −3 ) that also confined the H II region in the ultra-and hyper-compact phase.
The critical densities to excite the N = 1 → 0 and N = 2 → 1 lines of CN are ∼ 10 6 cm −3 . Therefore from the analysis of these transitions one cannot constrain the H 2 densities if they are larger than 10 6 cm −3 . To estimate the H 2 densities in the Trapezium region one needs to measure a transition with higher Einstein coefficients. In this paper, The new data show that the H 2 densities in the Trapezium layer are ∼ 3 × 10 6 cm −3 .
Observations and results
The observations of the N = 3 → 2 and the N = 2 → 1 lines of CN, at 340.2 GHz and 226.3 GHz respectively, and the N = 2 → 1 of 13 CN at 217.4 GHz were taken between 27
April and 3 May 1999 and April 2000 with the Heinrich Hertz Telescope (HHT) in Arizona (USA). At the rest frequencies of the N = 3 → 2 and the N = 2 → 1, the full width to half power of the telescope was 26 ′′ and 34 ′′ respectively. The pointing was checked by continuum cross scans of Venus. The RMS pointing error was always less than ∼3 ′′ . The 345 GHz receiver is a facility instrument consisting of a dual channel superconducting mixer provided by the Max Plank Institut für Radioastronomie (MPIFR). The double sideband receiver noise temperatures were typically ∼150-200 K and ∼100 K for the 345 GHz and 230 GHz receivers respectively. At the elevation of Orion, the single sideband system noise temperature was typically ∼800 to 1400 K for the 345 GHz receiver and ∼ 390 to 760 K for the 230 GHz receiver. The data were calibrated using the chopper wheel method. We have used position switching, with the reference at (−800 ′′ , 0 ′′ ) from the on-source position. We established the final temperature scale by comparisons of our Orion-KL results with the data of Groesbeck et al. (1994) and Schilke et al. (1997) .
For some tunings of the 345 GHz receiver, there is a frequency-dependent variable ratio between the signal and image sidebands with a frequency of ∼500 MHz. To check for the presence of such variability, we shifted each spectrum five times by up to 300 km s −1 .
This also allowed us to measure all the hyperfine components with the narrow band spectrometers, and to search for the presence of intense lines in the image spectrum.
The spectra were analyzed using filter banks and Acoustic Optical Spectrometers (AOS's). The wide band AOS's with a bandwidth of 983 MHz had a resolution of 480 kHz and the narrow band AOS's with a bandwidth of 64 MHz has a resolution of 250 kHz.
The F = 9/2 → 7/2, F = 7/2 → 5/2, and F = 7/2 → 3/2 hyperfine components of the Table 1 gives the observational parameters derived from Gaussian fits to the F = 9/2 → 7/2, F = 7/2 → 5/2, and F = 7/2 → 3/2 hyperfine (hereafter HF) components of the N = 3 → 2, J = 7/2 → 5/2 multiplet. Table 1 gives also the observed parameters of the N = 2 → 1 line of CN and
CN line opacities from the hyperfine ratios
Usually one can use the intensity ratio between the fine and HF components of the CN transitions to estimate the optical depth of the lines (see e.g. Rodríguez-Franco et al. 1998 ). This method is widely used for molecules like NH 3 (Pauls et al. 1983 ) and
gives reliable results when all the HF components have the same excitation temperature.
In some cases, like for NH 3 and CN, it is well known that the different HF components might have different excitation temperatures (Gaume et al. 1996) . We now discuss the problems associated with the use the HF ratios to estimate the CN line opacities for the submillimeter lines of CN.
The N = 1 → 0 rotational transition results in 9 HF components grouped in two main fine-structure groups, the N = 2 → 1 and the N = 3 → 2 transitions are split in 18 HF lines which are grouped in three fine-structure groups, and the 13 CN N = 2 → 1 line is split into 71 HF components. In the wide band AOS we have observed the two most intense fine structure groups of the N = 3 → 2 line simultaneously. We have also measured the J = 3/2 → 3/2 fine structure group in the N = 2 → 1 line. We have derived the HF ratio for the observed CN lines by fitting a "comb" of Gaussian profiles centered at the frequencies and the relative intensities of the HF components for every CN line. (RF32 hereafter) close to ∼ 1.5 (see Table 1 ), which would indicate optically thin emission. This is surprising in view of the relatively strong CN N = 3 → 2 lines in the Ridge and the detection of the 13 CN N = 2 → 1 line towards two positions in the Ridge. These facts indicate that the CN lines in the Ridge cannot be optically thin in contrast to the RF32 indicating optically thin emission. These discrepancies are due to different excitation temperatures for different HF components.
In order to study to what extent the assumption of equal excitation temperature for all the HF components can be applied to the N = 3 → 2 line to derive the opacities, we have studied the excitation of CN by combining the CN and 13 CN line intensities measured in this paper with those measured by Rodríguez-Franco et al. (1998) . For this, we have used the model based on the Large Velocity Gradient (LVG) approximation described by Rodríguez-Franco et al. (1998) and a constant kinetic temperature of 80 K (Wilson et al. 2000) . In this model only collisional excitation has been considered. The effects of the excitation of the first vibrationally excited levels by infrared radiation at 4.8 microns has been considered negligible for the typical physical conditions in photodissociation regions (Fuente et al. 1995) . The data of Rodríguez-Franco et al. (1998) of main group of components of the N = 3 → 2 multiplet, T * a (3 → 2) (thick line) observed in this paper and the ratio between the intensities of the N = 3 → 2 and N = 2 → 1 lines, R31 (dotted lines). In Fig. 4b we plot the H 2 density versus the CN column density as a function of the optical depth of the N = 3 → 2, J = 7/2 → 5/2, F = 9/2 → 7/2 line, τ m (3 → 2), and the ratio between the fine components RF32. Fig. 4b shows that model predicts for a rather wide range of H 2 densities and CN column densities, line intensity ratios around 1.5 (see Table 1 ). Even for the case of optically thick emission with opacities between 1 and 5 the predicted value of RF32 will be of ∼ 1.5. This is clearly the case for the two positions in the Ridge R4 and R5.
In order to fit the 13 CN and CN lines simultaneously in the two Ridge positions R4 and R5 where 13 CN was observed, 13 CN column densities of ∼ 10 13 cm −2 are required.
Assuming a standard CN/ 13 CN ratio of 89 (Wilson 1999) , the CN column density must be close to ∼ 10 15 cm −2 . For this column density, the HF component of CN N = 3 → 2 line presented in this paper is optically thick with opacities ≤ 5 (see Fig. 4b ) and the expected HF ratio RF32 of ∼ 1.5. This indicates, as previously mentioned, that the HF ratio does not necessarily give a measure of the CN line optical depths. This is because the excitation temperature is not the same for all the observed hyperfine components. Since the excitation is mainly collisional, the excitation temperature is expected to be higher in the hyperfine components with higher opacities. In fact, in the simple isothermal case considered in this paper, the LVG model gives T ex ∼ 23 K and 14 K for the J = 5/2 → 3/2 and J = 7/2 → 5/2 fine components of the N = 3 → 2 transition respectively. Because of these differences in the excitation temperature, the ratio between the HF structure components remains quite uniform and close to 1.5 for a large range of opacities.
In summary, the HF line intensity ratio of the N = 3 → 2 CN line does not necessary
give a reliable estimate of the line opacity even if the ratios are close to the expected optically thin case. Observations of the 13 CN line and/or a number of HF components with a wide range of relative intensities are needed to estimate the opacities of the strongest HF lines of CN.
Physical conditions
As shown in Fig. 4a one can use the line intensity ratio of the N = 3 → 2, and the N = 1 → 0 lines of CN to derive the H 2 density and the CN column density for the observed position in the Ridge and in the Trapezium once the kinetic temperature is known.
In Table 2 we present the results for the H 2 densities and CN column densities for the The Trapezium and the Ridge regions present very different physical conditions (see Table 2 ). In the Trapezium region, the densities are between 6 × 10 5 and 7 × 10 6 cm −3 cm In summary, the N = 3 → 2 CN data confirm the H 2 densities for the Trapezium region, typically of a few 10 6 cm −3 . These are larger, on average, by a factor of ∼ 10 than those in the molecular Ridge (0.3 − 2 × 10 5 cm −3 ). However, the CN column densities in the Ridge (∼ 1 × 10 15 cm −2 ) are larger by more than a factor of 10 than in the Trapezium (∼ 4 × 10 13 cm −2 ).
CN abundances
We have also derived the relative abundance of CN in both regions by combining the CN column densities with the H 2 column density estimated from the 13 CO and C 18 O data of White & Sandell (1995) and Wilson et al. (1986) . The H 2 column densities have been derived by using the LVG approximation to model the CO excitation and assuming a 13 CO/C 18 O ratio of 5.6. The results are given in Table 2 . We find H 2 column densities of 0.5 − 2.4 × 10 22 cm −2 for the Trapezium region and of 4 − 6 × 10 23 cm −2 for the Ridge.
¿From the H 2 and CN column densities, we estimate the CN/H 2 ratios shown in column 5
of Table 2 . The CN abundance ratios in the Trapezium region and molecular Ridge are similar, although there is a systematic trend for the CN abundance to be somewhat larger in the Trapezium (average of 4 × 10 −9 ) than in the Ridge (average of 10 −9 ).
Depth along the line of sight of the CN emission
Combining the H 2 densities derived for the multi-transitional analysis of CN with the H 2 column densities derived from 13 CO and C 18 O, we can also estimate the thickness of the molecular gas layer along the line of sight. In column 6 of Table 2 we show the results.
We derive a thickness for the Ridge of typically 3 × 10 17 cm. This is consistent with the emission arising from spherical condensations with a size of ∼ 5 − 10 ′′ . The thickness of the molecular layer in the Trapezium region is 10 − 100 times smaller than the thickness of the Ridge. The small thickness of the CN emission toward the Trapezium region makes it very unlikely that this emission arises from condensations with spherical geometry as for the Ridge, since this geometry would require condensations with sizes of only 1 ′′ . To explain the observed CN line intensities one would require a large number of these condensations filling the telescope beam. Since the CN emission is extended we conclude that the CN emission in the Trapezium region arises from a thin, ∼ 5 × 10 15 cm, layer of dense (few 10 6 cm −3 ) molecular gas (hereafter the Trapezium molecular layer).
Discussion
Rodríguez-Franco et al. (1998) to explain the kinematics of the ionized gas (Zuckerman, 1973) . The confining material will show the typical multilayer (ionized, neutral atomic and molecular) structure expected when molecular material is exposed to UV radiation (see eg. Hollenbach &Tielen 1997). . 1993) . The ionized gas is blueshifted with respect to the neutral molecular gas, indicating that the ionized gas is flowing towards the observer. To prevent the ionized gas from escaping from the H II region in the direction away from the observer, the rear side of the H II region must be confined by a dense layer of gas and dust. This is confirmed by the radial velocities of O I and H I. Both the atomic layer probed by O I and H I and the molecular layer probed by CN show velocities close to 9 km s−1, the ambient cloud velocity, suggesting that this neutral gas forms the front face of the neutral confining cloud (O'Dell et al. 1993; van der Wef & Goss 1989) . The CN emission towards the Trapezium has similar radial velocities than that of the warm CO (Howe et al. 1993; Wilson et al. 2000) heated by the UV radiation. As expected for a dense and CN from the Trapezium layer indicates that the H II region is not expanding away from the observer.
The Trapezium molecular layer would therefore indicate that the presence of "static" layers not only occurs at the early phases of the evolution of the H II regions as shown by Wood & Churchwell (1989) , but also in more evolved objects. Although several suggestions have been made to explain the lifetime, morphology and kinematics of the ultra-compact H II regions (see e.g. Tenorio-Tagle 1979; Reid et al. 1980; Van Buren et al. 1990; Hollenbach et al. 1994; Dyson et al. 1995; Lizano et al. 1996) , none of these models adequately explain all the observational facts (Jaffe & Martín−Pintado, 1999) . Most of the models developed to explain the lifetime paradox such as the bow shocks, mass-loaded winds and confinement by infalling material predict that the confining material is not "static" with respect to the ambient molecular clouds. The disk evaporated model cannot explain the morphology and kinematics of evolved H II regions such us M 42.
The champagne flow could explain both the kinematics of the ionized gas in M 42 and the presence of the "static" and the expanding molecular layers confining M 42. In the scenario of the champagne model, the massive stars are formed within a molecular cloud with a large density gradient. The H II region confined by material with a density gradient will expand in some directions but depending on the density and temperature of of the surrounding material, can be "static" in other directions. As suggested by De Pree et al.
(1995) very dense (10 7 cm −3 ), and warm (100 K) molecular material would slow down the expansion of an H II region in the early phases and provide an explanation for the presence of "static" layers in more evolved H II regions. In the case of M 42 the H 2 density gradient is along the line of sight with the larger density in the rear side of the H II region, just where the Trapezium layer is found. In the Trapezium layer the H 2 density is larger than 10 6 cm −3 and the kinetic temperatures are ∼ 100 K (Wilson et al. 2000) . The CN layer will be in pressure equilibrium with the ionized gas for the typical densities of a few 10 4 cm −3
and the electron temperature of 8000 K measured in M42 (Wilson et al. 1997) . The small thickness of the the CN layer, as compared to the Ridge, can also be understood in the framework of the champagne flow since the gas flowing towards the observer has been photo-evaporated from the confining layer as sketched in Fig. 5 . If the ionized material is flowing away from the ionization front at a speed of ∼ 10 km s −1 the thin molecular layer will be photo-evaporated in a time scale of ∼ 10 5 years.
Conclusions
We have 2. Our measurements of N = 3 → 2 line of CN confirm the presence of a high density (a few 10 6 cm −3 ) molecular gas toward the Trapezium region with also relatively large CN abundances (∼ 10 −9 ). The H 2 density in the Trapezium is a factor of 10 larger than in the Ridge.
3. The high density molecular gas towards the Trapezium is located in a thin layer (∼ 5 × 10 15 cm). This thin molecular layer is related with the material that confines the far side of the H II region in the Trapezium region, and it is "static" with respect to the molecular cloud. a Fits to the F = 9/2 → 7/2, F = 7/2 → 5/2, and F = 7/2 → 3/2 hyperfine components of the N = 3 → 2, J = 7/2 → 5/2 multiplet 
